Objectives. To compare the effectiveness of small-group training in correct inhaler technique with self-directed Internet-based training. Design. Pharmacy students were randomly allocated to 1 of 2 groups: small-group training (n 5 123) or self-directed Internet-based training (n 5 113). Prior to intervention delivery, all participants were given a placebo Turbuhaler and product information leaflet and received inhaler technique training based on their group. Technique was assessed following training and predictors of correct inhaler technique were examined. Assessment. There was a significant improvement in the number of participants demonstrating correct technique in both groups (small group training, 12% to 63%; p , 0.05; and Internet-based training, 9% to 59%; p , 0.05) post intervention, with no significant difference between the groups in the percent change (n 5 234, p . 0.05). Increased student confidence following the intervention was a predictor for correct inhaler technique. Conclusions. Self-directed Internet-based training is as effective as small-group training in improving students' inhaler technique.
INTRODUCTION
Asthma medications are primarily administered via inhalation and delivered directly to the site of action and thereby have greater efficacy with fewer systemic adverse effects. 1 However, they are administered through an inhaler device, which adds another dimension to medication regimens as appropriate use of these medications is not only dependant on the optimal medication being prescribed but also on appropriate device administration being practiced.
There are many inhaler devices currently on the Australian and international markets. The most commonly used devices are metered dose inhalers (MDIs), which deliver a measured amount of medication as a mist the patient can inhale. They consist of a pressurized canister of medication in a case with a mouthpiece, commonly used for reliever therapy. Dry powder inhalers (DPIs, eg, the Turbuhaler) are similar to MDIs, but the medication is in powder form, rather than in liquid form, and it is breath activated. These are commonly used for preventer therapy. A high rate of incorrect technique has been reported worldwide (20%-68%) for both MDIs and DPIs. [2] [3] [4] [5] [6] [7] The implications of incorrect inhaler technique are striking. With the annual cost of asthma medications estimated at about $374 million, 1 there are huge economic implications associated with their incorrect use. There are also important clinical ramifications associated with incorrect inhaler use, such as inadequate dose delivery or faulty dispersion of medication in the airways, resulting in suboptimal medication dosing. 8 Simple training interventions significantly improve patients' inhaler technique, [9] [10] [11] [12] thus it is important that pharmacists are aware of the issues associated with inhaler use and are appropriately and adequately trained to deal with them.
Pharmacists obtain inhaler technique training from various sources, such as package inserts and training from pharmaceutical representatives. 10, 13, 14 However, for many pharmacists, their first inhaler educational experience is in pharmacy school, 15 possibly suggesting that this is the place where their preliminary knowledge is obtained. Students should therefore be able to demonstrate correct inhaler technique in order to train others.
Effective training starts with their initial exposure to inhaler devices in pharmacy school.
At the University of Sydney, Pharmacy Practice 2 is a unit of study delivered in the second year of the bachelor of pharmacy curriculum. The key focus is to enable students to acquire knowledge regarding the therapeutic management of common disease states, and develop and utilize appropriate communication skills and written resources such as Consumer Medicine Information in the provision of drug and disease information to patients. The specific course objectives are associated with therapeutics and communication. However, those objectives within which inhaler device training lies are to ''. . ..Apply their knowledge to solve consequential problems in the therapeutic areas of . . .Respiratory Medicine and . . ...Communicate their knowledge confidently and effectively..'' (A list of objectives is available from the author). In line with these course objectives, students are trained how to appropriately use inhaler devices through physical demonstrations and hands-on practice in small-group workshops.
Though small-group education is effective in this context, it is time consuming. Given the amount of information that needs to be covered in workshops and the trend toward self-directed, more flexible learning methods in higher education, more efficient yet effective methods of inhaler technique training need to be investigated and evaluated. In particular, the use of technology in this area of vocational training needs to be considered. In order to determine the impact of using technology in the training of pharmacy students, this study compared the proportion of pharmacy students able to demonstrate correct inhaler technique following small-group training to that number following self-directed Internet-based training. Also, to better understand ways in which inhaler technique training could be made more effective in the future, predictors of inhaler technique post-training were determined. The most effective and efficient method of training inhaler technique to students was identified and recommended to Pharmacy Practice 2, Respiratory Workshops.
DESIGN
This was a repeated measures parallel group design study and was approved by the University of Sydney Human Research Ethics Committee. It was conducted during the respiratory tutorial classes and included all students enrolled in Pharmacy Practice 2, in the second year of the University of Sydney BPharm curriculum. Within this unit of study, students were divided into 10 groups. Each student attended 1 Pharmacy Practice 2 workshop per week for 12 weeks. Over this 12-week period, workshops were conducted in respiratory health, cardiovascular disease (hypertension, ischaemic heart disease, and cardiac failure), endocrinology (diabetes and thyroid disorders), and infectious diseases, and in the areas of communication, barriers to communication, counselling, and patient perspectives to illness. Each tutorial was facilitated by 1 tutor and lasted for 1½ hours. Workshops were spread out through the week and no 2 were held simultaneously. Workshops included case-based, problem-based learning approaches as well as appropriate hands-on and small group activities. Students enrolled in Pharmacy Practice 2 were evaluated through an end-of-semester oral assessment, multiple-choice and written examinations, and throughout semester tutorial participation. Criteria for evaluation were articulated in the Pharmacy Practice Unit of Study Outline, 2008. Logistical issues, such as the required tutorial rooms to conduct the study, computers for the Internet-based part of the intervention, were all addressed prior to study commencement. Inhaler placebos were also made available by AstraZeneca (New South Wales, Australia).
In the fourth week of the semester, following completion of the respiratory lecture material delivery, all students in the second year of the program were invited to participate in the study and asked to sign an informed consent form. Based on 10 predetermined tutorial groups, the researchers randomly allocated 5 groups to group A and 5 to group B.
At the start of the training tutorial, each participant in both groups was given a placebo inhaler device, Turbuhaler, and an information leaflet explaining the use of the device (package insert product information). Each participant was given 10 minutes to practice using the inhaler, referring only to the written resources provided. Participants were not instructed on how or what to do with the placebo device, nor how to use the written information provided. Participants utilized their own learning techniques.
Baseline Assessment
After 10 minutes of self-training, all participants had their inhaler technique assessed by one of 3 assessors who had previously undergone assessor training. All 3 assessors evaluated the inhaler technique of the first participant in each tutorial group and provided feedback to ensure consistency of assessment. From then on, the inhaler technique of each participant was evaluated by 1 assessor only. Assessments were based on a 9-step checklist ( Table  1) . 10 Correct inhaler technique corresponded to a score of 9/9. Demographic data and other characteristics (Turbuhaler use history and level of confidence in demonstrating Turbuhaler technique) were also collected at this point.
Interventions
Following baseline assessment, participants returned to their assigned tutorial group, in which the intervention took place.
Small Group Workshop Group A intervention was 15 minutes in duration and consisted of 2 parts. First, the entire tutorial group received inhaler technique training by watching a step-by-step demonstration by an asthma doctor. Second, the participants worked in pairs and took turns teaching and assessing each other on correct inhaler technique using the 9-step checklist.
Internet-based Tutorial Group B intervention was 15 minutes in duration. Participants were assigned to a computer and given the opportunity to work through the tutorial individually. The Internet-based tutorial shows a pharmacist demonstrating the correct use of the inhaler; a checklist of steps for inhaler use that allowed students to practice each step with the placebo inhaler; and an activity requiring students to observe and assess a patient using an inhaler and identify any steps performed incorrectly using the checklist. The Internet-based tutorial allowed students to review any part as often as required.
Immediately following delivery of the intervention to both groups, participants had their inhaler technique assessed by the same researcher who had performed the baseline assessment. Participants were asked to demonstrate the correct use of an inhaler using the placebo device and were assessed using the 9-step checklist. 10 
EVALAUATION AND ASSESSMENT Data Analysis
Demographic data, including gender, age, inhaler use history, and confidence in use, were analyzed descrip-tively. Comparisons between groups were made using chi-square analysis. In order to compare the impact of the intervention between the groups, 2 forms of analysis were performed. To determine the difference in proportion of participants demonstrating correct technique, a chi-square analysis was performed. For comparisons of the change in mean Turbuhaler scores (out of 9), repeated measures general linear analysis was used.
In order to determine predictors of correct inhaler technique following delivery of inhaler technique education, a logistic regression analysis was performed. The dependent variable was correct technique following intervention (score 9/9) and the independent variables were intervention group (group A or group B), technique at baseline (correct or incorrect), gender (male or female), age, previous pharmacy experience (yes or no), previous inhaler use (yes or no), confident to use inhaler before intervention (yes or no) and confident to use inhaler after education (yes or no). Results were considered significant at p # 0.05 and a power of 0.8. All data relating to Turbuhaler scores was normally distributed.
Data Findings
All 236 second-year pharmacy students invited to participate in the study agreed to do so (group A, n5123; group B, n5113). Analysis of participant demographics indicated that there was no significant difference between participants in group A compared with group B (Table 2) .
At baseline, there was no significant difference in the proportion of participants with correct Turbuhaler technique in group A compared to group B (12% and 9%, respectively; p 5 0.40). Both methods of training inhaler technique within the respiratory workshops of Pharmacy Practice 2 were found to be feasible.
Following delivery of the intervention, there was a significant increase in the proportion of participants with correct inhaler technique for group A (12% vs. 63% respectively; n5123, p 5 0.04) as well as group B (9% vs. 59% respectively; p 5 0.040) when compared to baseline. The magnitude of increase in proportion of participants with correct inhaler technique following intervention was not significantly different between group A and group B (63% and 59%, respectively; n5236, p 5 0.60).
When inhaler technique was expressed as a mean score out of 9 (as per the 9-item checklist), similar results were observed. There was no significant difference in mean Turbuhaler score at baseline for group A (6.7 6 1.4; Mean 6 SEM) vs. group B (6.5 6 1.4), (Wilks' Lambda 5 0.998, p 5 0.45). There was a significant yet similar improvement in mean Turbuhaler score following intervention for group A (8.3 6 1.1, mean 6 s.e.m) as Step Description/ Action   1  Remove cap from Turbuhaler  2  Keep inhaler upright during loading  3 Keep inhaler upright during loading 4
Exhale to residual volume 5
Exhale away from mouthpiece 6
Place mouthpiece between teeth and lips 7
Inhale forcefully and deeply 8
Hold breath for 5 seconds 9
Exhale away from mouthpiece With regards to previous inhaler use, 41 out of 236 (17%) participants had previously used a Turbuhaler. There was no significant difference in the proportion of participants with correct technique at baseline (p 5 0.40) or after the intervention (p 5 0.30) for participants who had previously used a Turbuhaler compared with those who had never used it ( Table 3 ). The most common reason for previous use was for asthma treatment.
Analysis of the most common error in the technique indicated that step 4 (Exhale to residual volume) and
Step 5 (Exhale away from the mouthpiece) were most commonly performed incorrectly. There was no significant differences between group A and group B (p . 0.05 for all steps) with regards to the proportion of participants demonstrating correct technique for each one of the 9 Turbuhaler steps (Table 4 ).
Logistic regression modeling identified ''correct technique at baseline'' and ''level of confidence follow-ing intervention'' to be significantly associated with correct technique following education (p 5 0.014, R 2 5 0.079; Table 5 ).
DISCUSSION
This study investigated the effectiveness of smallgroup training compared with self-directed Internetbased training to train undergraduate pharmacy students on Turbuhaler technique. Both self-directed Internetbased training and small-group training are equally effective in improving inhaler technique.
The Turbuhaler was chosen despite there being several respiratory devices currently available on the Australian and international markets. The Turbuhaler is one of the most commonly prescribed devices for preventer therapy; hence, its use has important implications for overall asthma management. 1 Also, Turbuhalers were readily available for use in this study.
Correct technique rather than a Turbuhaler score out of 9 was chosen as the primary outcome variable as future health care professionals will be expected to perform all steps associated with Turbuhaler administration correctly in order to educate patients properly on correct inhaler technique. Hence, mean Turbuhaler technique score was used to describe the extent to which the technique had improved. Prior to baseline assessment, students were given written information and a placebo inhaler device. This part of the study was aimed at mimicking the real-life scenario in which pharmacists would have access to information about device technique through the product information leaflet and would be required to study this independently.
Only a small proportion of students (10%) were able to use the Turbuhaler correctly after reading the written information provided. This is consistent with the literature that indicates that when it comes to device technique training, verbal instruction and written information are not effective in improving technique. 7 Physical demonstration is the most effective method of educating both students and patients on correct inhaler technique. 10, 16 Based on this data, it is logical that a physical demonstration should be part of small-group training for device technique in the second year (as per group A intervention). Hence, when the self-directed Internet-based training (group B intervention) was developed, a physical demonstration identical to that received by the students in the small-group training was incorporated into the training program. Where the groups differed was mainly in the flexibility of the self-directed Internet-based training, which allowed students to replay it as often as needed, and in the small-group that allowed members to obtain peer feedback. The content of both interventions was identical in all other aspects.
Although results suggested that both interventions were equally effective at educating pharmacy students on Turbuhaler technique, about 40% of students still continued to demonstrate incorrect technique following the intervention. This suggests that neither intervention may be considered sufficiently effective. It is important to consider why this may be the case when studies have clearly shown that educating people with asthma on the correct use of an inhaler, can result in 100% of patients using their device correctly. 7 The difference in achieving correct technique with undergraduate students compared with studies with patients might be due to several factors, including that (1) the motivation for learning technique is different for students than for patients; (2) patients receive individual feedback from trained professionals, whereas students received feedback from primarily inexperienced peers; and (3) as patients are regular users of these devices, it might be that achieving correct technique is somewhat easier for them than for students, a majority of whom have never before held an inhaler.
The results were further analyzed to determine the mean Turbuhaler technique scores at baseline and after the intervention for group A and group B to determine whether students with incorrect technique at least showed improvement in their scores. Despite the high proportion of students with incorrect technique, there was a significant improvement in mean scores after the intervention. American Journal of Pharmaceutical Education 2009; 73 (5) Article 85.
This suggests that even though a significant proportion of students continued to demonstrate incorrect technique after the intervention, their inhaler technique had improved. The most problematic steps demonstrated by the majority of students were failure to exhale to residual volume and to exhale away from the mouthpiece ( Table 1) . This is consistent with other studies in which patients found these same 2 steps most problematic. 17 The consistency with which these particular steps continue to be a problem suggests that perhaps educational interventions should highlight these particular steps. Seventeen percent of students had used a Turbuhaler prior to the study; however, these students did not show better results at baseline or after the intervention compared to students who had never previously used one. Although this is disappointing, this may be due to a range of factors, such as not receiving effective counselling from their health care professionals when they were first prescribed their inhalers, or not having their technique reviewed regularly as device technique declines over time following education. 18 Following education, confidence and correct inhaler technique were correlated. In contrast, the same was not observed for pre-education confidence and technique. This may be due to the fact that prior to the intervention, students did not completely grasp the notion of what correct technique entails; hence, they were not able to reasonably or realistically judge their own competency or confidence in using the inhaler. Hence, asking an individual as to whether he or she feels confident to use the inhaler may not elicit a reliable response unless the individual knows what correct inhaler technique is. This regression analysis, however, most importantly demonstrates that inhaler technique prior to education was not a predictor of inhaler technique post education. This sug-gests that no matter what the initial inhaler technique is, individuals can be taught how to use these inhalers.
This study would have been improved if the assessors had been blinded to group allocations. Due to time and resource constraints, experienced inhaler technique assessors were engaged in the evaluation of student technique. Practically, this resulted in 2 of the 3 assessors not being blinded to the group allocations. The implications of this on the actual study outcome, however, are considered minimal, mainly because each assessor was required to evaluate a large number of students in a short timeframe, and both blinded and unblinded assessors were consistent in their assessments. This was explored at the beginning of each assessment session. Furthermore, the Internet-based training was conducted during the tutorial, in a controlled environment rather than at home, so it was difficult to predict how students would use the Internetbased program at home on their own time. These limitations could be overcome in future studies. Further, the impact of individualized inhaler technique feedback as well as group education would be worth exploring in this undergraduate student sample.
This study showed that, when it comes to training undergraduate pharmacy students on correct inhaler technique, Internet-based training is equally as effective as face-to-face training. This is consistent with published studies conducted in other arenas. 15, [19] [20] [21] [22] [23] [24] [25] [26] Given the popularity of Internet-based training, 21, 22 this provides tertiary educators with another effective option for training students with several advantages. The Internet is usually easily accessible for college students and training is usually self-paced and highly interactive. It also involves reduced costs in terms of tutor-led workshops and is more efficient, enabling more complex topics to be covered in workshops. The content available online also is readily and easily updated and altered. Internet-based training also provides an ideal format for continuing professional education for practicing health care professionals. Future studies, however, should continue to focus on the exploration and evaluation of educational methods that are sustainable and universally effective in inhaler technique training, given the significance and monopoly of inhaler use among a broad range of respiratory patients.
SUMMARY
Internet-based training appears equally effective as face-to-face training in educating pharmacy students on inhaler device technique. However, neither method appears sufficiently effective, with 40% of students still having difficulty in demonstrating incorrect inhaler technique after the training sessions. Identifying strategies to improve the success of training large cohorts of students with minimal resources and within a fixed timeframe need to be further explored. Strategies that incorporate individualized feedback and reinforcement over time also need to be developed.
